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DEVELOPMENT OF A HIGH RESOLUTION ACOUSTIC SEAFLOOR CLASSIFICATION SURVEY
SYSTEM

Douglas N. Lambert (I), John C. Cranford (2), and Donald J. Walter (1)

(1) Naval Research Laboratory, Code 743 I, Stennis Space Center, Ms 39529, USA
(2) Planning Systems, Inc., PSI Engineering Center, Long Beach, MS 39560, USA

1. INTRODUCTION

A need exists in both the civilian and military communities for an automated seafloor classification systcen thai
can remotely and accurately estimae and map sediment properties for a number of seafloor c:'necrin.41
applications and for input to acoustic propagation prediction models, Over the past several years. (he Nava,
Research Laboratory (NRL) has been developing a normal incidence, narrow beamwidth, high resobilioti -zeismc
system that has the capability to accurately predict, in near real-time, acoustic impedance, sediment tp'c and
number of selected gcotechnical propertics~of the Upper several meters of the seafloor while in an underwa: stlV
mode, Lambert (1). This system is designated dih Acoustic Seafloor Classification System (ASC-.' :ind
technology based *-n the Echostrength Measuring Sstem (EMS) developed in the early 1980's ,. -
ELAC of Kiel, Germany. A detailed description of this system can be found in Lambert and Fiedler (211.

Our current thrust toward the development of a system capable of rapidly and accurately classif,.ing ,he seatfl,-,
requires a thorough understanding of the interaction between environmental. geotechnical. ani :,cousuIL
parameters. It is surprising how little work has been done over the years in relation to these problems. ,
for shallow water aýreas. Clearly a great deal of work is required in order to gain an understindi,. ."...
environmental effects in relation to remote seafloor classification, which must include both basic :iiid 3t~Ahc

research. It is probable that even with a much greater understanding of these relationships, that mininrl gromiet
truth sediment core data will still be required in order to "tune" the acoustic predictive data to the riýniwuLtr
environment where a survey is run. This is not surprising, when we consider the highly variable sedinw,... ! i)C!
structures, compositions. and consistencies that exist, particularly in shallow water areas.

The ASCS tinder d,.velopment by NRL is being designed with a dual function in mind: (1) to finclioti a•, a llcNil,.1
research data acquisition platform for the collection of experimental data, and (2) to function as the pr..vot V,.
which will become the system capable of accurately classifting the seafloor in routine survey operati' "1l ,
exact specifications of this final system are currently being defined. Indeed, a prime design driver 0i: ;t'tý ,RI
system currently under development is to produce the experimental databases required to specifv the opr.,m:,
parameters of the final system. Basic questions which are being addressed are:

1. Is it possible to accurately characterize the ,:cafloor under all environmental conditions?
2. What is the confidence level?
3. What are the fundamental limitations?

CL. A key aspect to nrtaining the required data is ýi fexible acquisition system. As resear.h to,:udt ,
C understanding of the required seafloor classification methodology proceeds. a system is needed which ,

rapid rcconfiguratin in order to acquire unique data sets. Such a system would not need to be rd,-,,
IL. extensively modified for each experiment. We arc currently developing this system through i ,

cc interrelated basic and applied research projects. We have had to anticipate which capabilities .,, ,

important for the ASCS research and will lead to thi required hardware/softwarv systems. Key reqi..v ai.
expected to be (I) multiple freqttncy operation. .2) a calibrated system. and (3) an extremely ac• .

0 acquisition system capable of minimum distortion of tl'e received bottom return.

2. •i,\CKGROUND

The original EMS consisted or a narrow beam (12o0 15 kHz transducer, a high resolution analog p~q, ) ,undcr
(LAZ 72), and an 8085 microprocessor-controlled signal processor (EMG2) that quantitatively tie r,,,red tihe
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return echo strength in ten adjustable timc windows that correspondcd to depth intervals in the sediment Fither
the first fiv'e or the last five of these echo strength lines are plotted on the seismnogram (Fig. 1) The relati% c spro-ad
of the lines away from a baseline indicates the strength of the echo return in each of the ntie %kindo%%s Widc:
separation between the lines denotes a strong acoustic return and a highly reflective sedimnict Such as sa.-nd
Narrow separation between the lines indicates low reflectivity or soft muddy -.edimeuts, An experienced operator
could subjectively predict the ty.pe of sediment belowv the transducer fairly w~ell using this method, Hot' ard and
others (3). In order to quantify the acoustic return, NRL contracted Honeywell ELAC in the mid 19'-()'s to dc\ clop
a near real time software program that computes an acoustic impedance profile of the sediment for eachi pineQ
From the acoustic impedance profile. se'eral empirical relationships, primarily dev'eloped b\ lian-ilon (4) and
Hamilton and Bachman (5), could be used to predict a number of sediment geotechnical properties in near real
time while in a survey mode. This softwýare program was developed around a DEC Pro 350 color compuiter wxhich
was the state-of-the-art micro-computer at the time- Although this computer served its purpose w~ell and proviJded
the means to evaluate and Verify Lthe concept of remote acoustic seafloor classification. it's signal processant4
capability was severely limited. particularly when compared to todays micro-com puter data processing and storace
capabilities.

DREDGE SPOILThe origimal ASC.-,
1 1 fI I was designed as

SAND IPASCAGOULA SHIP CHANNEL SOFr SEDIMENT rsac ol ojl
. . , ý : Ibroad capa1bilities thaii

allo~cd the updaiing
of thle SCft ý%; rc

~, ~ MUUP~E..*, ~ database N1IIIh
N)~~~ MUTILE improved sedimn tcn

I'., relationships as the
- '~ users know ledize of

HIGH REFLECTIVITY INDICATING rPLEISTOCENE SURFACE sinleaor
SANDY SEDIMENTS interaction increased

0-40cm LOW REFLECTIVITY INDICATING
GROUND LINE -40 -80 CM SOFT MUDDY SEDIMENTS The systemi was neve r

y 0-120 c~"------ intended to operate a,

:.;~> - - ~a routine Stil e'ý
~.~-2016cm . ,--~ z'; instrument nor did it

~i W 410200cm fECHO STRENGTH INDICATOR LI NES (FIRST FIVE INTERVALS)- have that catpibIlII
______________________________________________________________Ho"____%_____Howeera stoit

Figure 1. Ty'pical ASCS 15 KHz analog seisniic record with echo strength indicator line need ex\ists to ha'e anl
display. east lv operable. nica-rl

automated renmotc
seafloor classification system that call routinely produce seafloor properties maps for a nmtltitude of applic,'itioiis
Therefore in mid-199() NRL began a nia'or project to significantlly enhance thecexisting ASCS s~stctti This be2;,ir
by developing a plan to upgrade the computer system to an 80)486 microprocessor-based computer s *ystem rutinnie
on the DOS operating enivironmnirt, and verification and enhancement of the software, both in user frfeiidinems"
and data processing and output capabilities Since the DEC 35(0 and the 486 computers used iiieoitpatthlc:
operating systems. this required a complete re\\rite of the ASCS software package. This effort iwas coniplcicd tit
carly 199/, altituugh it is expected that this software will continue to evolve and be further cilhauiced as thle rcsnt'llý
of several other ongoing research efforts are integrated into (thc systcii. These cff:;As ýi~l be dcscrtbd tinder thec
Recent Deveclopments and Current Developments sections below.

Proc 10A Vol 15 Part 2 1 993,
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3. RECENT DEVELOPMENTS

The present ASCS is normally operated at 15 kHz and both quantitatively and qualitativcly mcniesrs the
amplitude (echo strength) and pulse character of the return acoustic signal in 10 adjustable-width unc %%ilidows
that correspond to depth increments in the sediment. The ASCS produces a high resolution analog weismt: record
of the upper few meters of the seafloor on which the amplitudes of the ccho returns from the scdimew depth
increments are displayed. The dedicated 80486 computer is used to store and display ite digilicd raw% echo
strength and Global Positioning System (GPS) navigation in near real-time. The computer also provides tlic
capability to apply algorithms based on multilaver acoustic theory to compute acoustic impedance for each of the
depth increments in the sediment. This continuous profile of acoustic impedance is tecr, used, in combination
with a series of empirical relationships, to predict sediment structure and type, as well as various geotcchniical
properties such as attenuation. density, porosity, shear strength, compressional and shear velocity, and nican traiin
size. The new ASCS softv,'are is capable of displaying in near real-time each of these sediment properties cithcr as
a color scrolling waterfall-type display (Fig. 2) or as a scrolling tabular display of numnerical \alues
Simultaneously displayed on the computer screen is a scrolling depth profile, a scrolling display of intcrpreted
sediment structure, an oscilloscope-type display of echo strength, and a plot of the GPS navigation point, a:onu thc
tracklines which are color coded according to the corresponding impedance value of the upper sedimcnt •itr- ai
The navigation plot then serves as a near real-time impedance map of the surficial sediments in the snxc, ,rca

""es. S tI*ta 10I4 Another recent dc ciopliIiýn
lhas provided the c:paijmtih to

collect co-registcred sidc scAn
"Its sonar data si illlilitconst\1 -ith the ASC iji` dat i ,, hii

allovs a 3-D look at the uppCe
se~eral meters of the ,cadiooi

This ikas acconphshed I'r I
SU r%*e rulr II 1li/c

Mediterranean Sea II nid-
1992. During this sunry. an
EDO 6991 broid hamd hiit
ocean depth ratcd transducce
N\as mounted onl a dccp-iov•
sled along with an EG&G 99,1
side scan sonar opcrating aýt
59 kHz. The ASCS xas

Soperated at t5 klfii and It.

.z "00= -: .. .. Factor , .. Ali 0t Display it anu E End electronics iulte(iraied 1\11ih 1th1
_ V'. W. hanag Ngr side scans tclenieirn s sicm

located in a pressure bottle oi
Figure 2. ASCS real time color display ofsediment properties and GPS the sled. Dma ta s
navigation. telemetered to the ýhq-
through a 10.000 m coaxial tow cable. The electronics interface was designed so that each s5 's ten coflid bc
operated independently, or simultaneously, and yet be completely transparent to the other so dim therc x as ni,
signal interference between the two instruments. In addition to producing the normal paper seismic rcord antid tih,
prediction of seafloo. sediment properties through the ASCS software during this suprvey, a nle data acquillston

i;aoputer wa.v added to the v)icn vhich ;igiti7id "-d stored the outgoing acoustic pulse and the complete return
signal at a resolution of I0 bits (resolution limit of the EG&G side scan telenetry svstcwm ,znd .:1:, :. •,, , .! -
The data was stored on removable 90 Mbyle Bernoulli disk storage media. After approximatel\ 5 haurs of da:i
collection, a full disk was removed and replaced by an empty one. Data from the flull disk was then tramsfelrcd or
a third computer to inexpensive backup tape media for permanent storage and lalcr processing The d-iilntt/or*
and storage of the complete acoustic signal for each ping provides for the abiliy to replay 11hc rn; dt.uta I Iln thea
in order to make new analog records, to recalibratc the system during post processing, if nccssar., to c\anminc li.
acoustic signal on a ping by ping basis for research purposes, and to reprocess the data through the .ASC,5 soft\\ar

Proc. I.O.A. Vol. 15 Parl 2 (1993)
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after calibration to ground truth data. This combined survey system worked flawlessly throughout the cnise from
the time the system was first deployed until the sled was badly damaged during a collision with the seafloor.

Section A Section B
A new technique of displaying thle digitized

I IIacoustic return as a function of amplitude vs

time (depth below the sedimentlwatcr inicrface)
* on a scrolling color monitor provides a dynamic'IF1, ', range in excess of 60 dB and an cxlremely high

Sresolution profile of the sediment structure An
S' -. analog paper record is limited to approxiniatel

4 1 - !,,t '30 dB of dynamic range For examnple. Figure 3
is an analog paper record collected in the
Mediterranean Sea over a complex area of
alternating deep penetration soft sedimens
(labeled Section A) and low penetration more
reflective carbonate sediments (labelcd Section
B). Very limited internal structure within either

11• •..N~ U U U U U E It P" Pr 0 0 IN I U ,"N sediment is visible in Figure 3. However, when
• I the digital acoustic data is displayed on a color

... . monitor (reproduced here in shades of gray) avitli
' intensity of the signal indicated in increments of

.. ' . "5 dB/color change, much more sediment

, . , .... - ..... .structure is revealed. Sections A and B
dramatically show this increase in sediment
structure resolution, due to the increase of the
dynamic range available for display. Another

Figure 3. ASCS 15 kHz analog paper record across striking example is shown in Figures 4 and 5
alternating low and high reflectivity sediments. Figure 4 is a typical ASCS 15 kHz analog paper

record over a pipeline buried approximately 1.5 m
in the seafloor. A trained observer can identify this

. ... . .. object from the characteristic shadow below the
pipeline and the echo strength display "fish
mouth." In Figure 5 the data is displayed on a
color monitor (B/W image shown here) with 5 dB
steps of signal intensity indicated by color changes
on the display. ,ote how well tile pipeline slands
out making such an object easily identifiable to thle
untrained eye.

4. CURRENT DEVELOPMENTS

Section A on Fig. 3 Section B on Fig. 3. The ASCS system is currently undergoing a niaJo)

development which is intended to meet the needs of several basic and applied research prograris well into tile
future. From this effort, an optimized routine survey seafloor classification system will evolve. The heart of this
development is an extremely robust system controller, data acquisition, data storage, and data processing hardwrare
and software package. This system transmits an acoustic pulse, digitizes the acoustic return to 16 bits. records the
raw data on a removable-media hard drive, and displays to the operator, in near real-time, three different dc,spla' s

(1) A scrolling waterfall-type color seismogram of the upper ten meters of sediment in Nlich the color
levels are adjustable in increments of the return signal intensity in dB.
(2) Ten echo strength intensity lines, which display the amplitude of the seismic return in each of tcl
intervals (adjustable widths presently of 10, 20, 40 or 80 cm) below the seafloor.
(3) An operator interface program which displays the current settings of the programmiiable s 'stcmi
parameters, and allows the operator to change most of these parameters intcractivclv with the obscrxcd
data.

Proc. tO A Vol IS Part 2 I993)
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______________________4.1. PROGRA.MM ABLE P'[ARAMETF'IERS
BURIED PIPELINE A key feature of the ASCS svstecm under dc\ ehopownit

___________is the prograrnmabihtIN of most opcrat ional para lcici ,
including

It ,~'2' .Function Programmablc qae

- J *~ ITRANSMITTER
E Frequency I - 100 k~i-z

Pulse Length 0. 1 - 16 nis
/Power Output I -250 Watts

Repetition Rate 3 - 0 H lz (Pintes "cc)

RECEIVER
-,, , )I Gain -20 d8to-6 dB

Amplitude Response 0 2 dB
Phase Response 0,00) n2 Degre

ECHOSTRENGTH "FISHMOUTH" DUE TO PIPELINE DIGITIZER

___________________________________________AfD Sample Rate 8 - t100 kilt

Figure 4. ASCS analog paper record across buried Reouin16 bitI1

pipeline. Dynamic Range 96 dB3
Anti-Alias Filter >30Oth Order (FIR)1

~ EAL-TIME GRAPHICS
Resolution 640) 480 Pi\c) s
Type Scrolling1,
Colors 4 - 16

dB/color 4 -Sx

Processing 2-D Averaging, Pi\cl \Wtu,

DATA RECORDER
TypeBernoulfli 90 Hi-ud Drtvc

(90) NIB)
Record \Vindo~x 4.0)96 - -,2.,-76 BTc>,
Record Rate 320 kffivtcs/Sccond

___________________________________ File Ty-pc DOS Binar-% File 2

Figure 5. Color monitor display of digitized ASCS Comp')
data across pipeline shown in Figure 6 - o. o -r g an ib cF nto

4.2. DATA ACQUISITION
The heart of the svstem is the I Mbyte of static random access rcncomo (SRAMI) shared bv the bo)th the -VXt
computer and the external data acquisition subsystem. This RAM operates as conventional coniptiter RAM1 c\cepl
in an acoustic data acquisition cycle, during which the SRAM is renmoved from computer address space aind
written into by the data acquisition unit. The maximum acquisition rate of thec interface is therefore ceq a! to the
speed of the SRAM (currently 80 ns). Additional processing speed has been gained by dinicinsionimui~ie h S
address field as an integer array (encoded as 2's complement) within the acquisition program The cojInera
data is immediately available to the 486 computer for processing without manipulat ion or conxcrsion

To begin the acquisition of a data set (one sounding) the system must First be armed b\ control slxrc Atler
arming, the system will acquire a single data set. In order to a~oid an accidental o'erw rite of N 'lio data. Iic
interface must be re-armed at the beginning of each sounding. After receiving thie arm command theý S\ ýteiu 111111
receive a "fire" command to initiate both the output transmission and collecntin of A/U conx crier 'Imlc *he
FIRE command can originate from one of two sources: (I) from within the 486 comiputer - this is the stimid-akiiic

Proc. I.O.A Vol 15 Part 2 (19931
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mode of operation, or (2) from an external source, in which data acquisition of the ASCS may be slaved to
operation of a second system. In the external mode, the acoustic transmaitter is disabled, in which case acoustic
data is acquired passively.

The system interface and acoustic transmitter are installed on a circuit board located in an expansion slot of the
486 computer. A single external chassis, the Signal Conditioning Unit (SCU), houses the analog signal
processing electronics, A/D converter, and power amplifier (PA). Control signals arc passed in 8 bit parallel from
the computer to the SCU. Digitized acoustic data is telemetered from the SCU into the computer as a s-N nchronous
serial data stream. The transmitter power amplifier, which can transinit a maximum of 250 iatts. is po%%cred
from a linear 30 VDC power supply installed in the SCU.

4.3. TRANSDUCER
The ASCS transducer is an EDO model 6991, broad band from approximately 12 kHz to more thMan 30 kHz This
transducer can be hull mounted, or because of it's full ocean depth pressure compensation- can be mounted on ;i
deep-tow sled, as was done during the Mediterranean. survey. The transducer is used for both the transmit and
receive functions and can be operated at a minimum of two acoustic frequencies: 15 and 30 kHz. At 15 kH/z the
beam width of the outgoing pulse is 120 and at 30 kHz it is 6.

IJ 4.4. COMPUTER
The NRL ASCS system is based Fnd presently controlled by two 33 MHz IBM-compatible 486 computers One

Scomputer operates as the system controller, acquiring raw data. storing the raw data. and displaying the color
seismogram in near real time. The second 486 computer is presently being used to run the ASCS soft.-arc: to
process the raw data in near real time, to compute an acoustic impedance profiles for each ping. and to predict
sediment geotechnical properties along the trackline. In addition this computer stores the processed data for fIutre
replay and displays it on a color monitor as shown in Figure 2. As the new system is developed it is espected that
all of these functions will be integrated into one software program operating on one 486 computer.

4.5. TRANSMITTER
The transmitter, operating Class S, outputs a phase coherent (pulse to pulse) square wave into the transducer
power amplifier (PA). Designed into the system is the capability, if so desired in the future, of transmission of a
source signature of practically any type (cw, pulsed cw, FM slide, or AM modulated). This source pulse can be
programmed by the system operator, stored in RAM, and synchronously output in analog form via a digital/annalog

converter (DAC) residing in the computer.

4.6. RECEIVER
The receiver features programmable gain (-20 to +63 d13) and excellent amplitude/phase response at all gain levels
of +/- 0.3 dB +/- 1.0 degree. The SCU gain change is possible, in t dB steps, during a seismic return, in order to
achieve a digital, programmable TVG function, if required.

4.7. DIGITIZER
The system contains a monolithic 16-bit Sigma Delta A/D converter. The converter output sample rate is
programmable from 8 to 100 kHz. The converter is capable of a second mode of operation. which outputs 12 bit
data at a maximum sample rate of 400 kHz.

The SD was utilized primarily because of the performance advantages inherent in the digital anti-alias filter The
steep filter roll-off and linear phase response of the filter ( >30th order at 0.45 Nyquist. (.001 degree) \ irtilnih
eliminates data artifacts attributable to under sampling (fold-back) and non-linear phase response (rjniiu.') of ý1
traditional analog anti-alias filter,

A third advantage of the Sigma-Delta converter is derived front the high over sample rate (121x) of the co•vertct
front end: even though the resolution of the converter is 61 Mvolts. the output data is practical)\ free from
systematic noise (radiated/capacitively coupled high frequency clocks, power supply noise. etc) t pically noticed in
a 16-bit digitizer. The low noise levce of the ASCS digitizer provides 92 d13 of usable dynarnic ranye. front the
theoretical 96 dB available from a 16-bit converter. Proc 10 A Vol 15 Part 2 t 993)
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In short, the A/D converter in combination with the magnitude and phase response of the system SCU '.il' deihvrc
data free of under sampling and SCU step-respoitse artifacts. The net result is that the data output fromii the s\stelm
contains a very accurate representation of the signal returned from the bottom,

4.8. DATA RECORDER
The ASCS raw data is recorded, as a DOS tvo's complement (integer) binary dcata file, to a Bernoulli 9)Y (9)0)
Mbyte) hard drive. This drive has an II ms seek time. The system has attained hard drive transfer raties in c\ce,,s
of 320 kBytes/second. The Bernoulli recording media is removable: a cartridge can be changcd in abotut I,
seconds, much like a floppy drive disk For archiving large amounts (Gbytcs) of dta. \\c haei\,. in thc pa:st. bhackcd
up the Bernoulli 90 cartridges to less expensive DCR tape cartridges.

4.9. REAL-TIME GRAPHICS
Real time graphics are provided to the system operator for purposes of data vcrification and to obser• c the clect ot-
various programmable parameters (such as transmit frequency and pulse length) on the data (limait\ The ci•i•s,
graphics are scrolling (left to right, as in most analog graphics recorders). and arc designed to gi\c the "feel-" anId
appearance of a traditional seismic record. Screen resolution is 640 x 480 pixels. 'Sixteen colors. sclectahklc from :a
palette of 256,000 colors, are available. Colors can be assigned from 4 - 8 dB/color Currcntly. the graiphic-
screen is configured for a vertical presentation of 12 meters of sediment.

Two processing algorithms are currently used in the real-time seismic data presentation. the first- ,; dat.1
smoothing algorithm, averages a user selectable number of vertical samples of the input (rawy) da:ui The eflecl o0
this operation is a 1 dimensioaal low-pass filter. The smoothed data is input into the second display ali!orithn. :t
simple 2-dimensional average of each pixel with each of the eight surrounding pixels. The relative importlance of
the central pixel, or weight, is i user programmable input. The net effect of these processing algorithmns is to
present the data, in near real-time, to the operator in such as manner that the data quality. or utility, can tc
determined. The particular real-time graphics parameters selected by the operator do not effect data stored onto
hard disk, which always stores the raw AID data. These processing algorithms operate in the data plar back mode.
in which previously recorded data is played back (from disk) into the system.

A second data recording system. which will record the real-time data acquisition graphics screen onto a VCR
recorder, is currently under investigation. This technique will allow a data processor to reviec% large anioimts Oft
previously recorded data ver' quickly.

The second real-time graphics presented to the system operator is the intensity line display, located to•%ard the
bottom of the seismic graphics. These ten lines display the relative intensities of the seismic rcttrn in ten
programmable intervals into the sea floor. The intensity lines are characteristic of seafloor type i c. soft
sediments, sands, etc., and can be quickly scanned.

The operator interface is displayed at the very bottom of the real-time acquisition screen. This is a scrolling mcnu
from which programmable system parameters may be verified or changed. Any change to a system parameter is
updated and becomes effective at the beginning of the next seismic shot.

5. FUTURE DEVELOPMENTS

As of this writing, several basic and applied research projects are ongoing which will strongly influence the fiturc
developments and evolution of the ASCS as a routine survey instrument. One such basic research project is
investigating the fundamental phvysics of acoustic interaction with the scafloor. This thcorclical stud\ anid
modeling effort will use the results of an evaluation of the current ASCS sediment classification algorllhms to
explore a number of signal processing techniques that can provide the quantification of scafloor microniorpholog\
required for improved sediment classification. Techniques that are being investigated include the simultanollus
use of two or more frequencies, parallel processing, artificial intelligence, and the use of the total acouslic sienal
for sediment classification. Concurrent investigations are being conducted to determine the fcasib(litv of

Proc. ILOA Vol. 15 Part 2 (1993)



Proceedings of the Institute of Acoustics

DEVELOPMENT OF THE ACOUSTIC SEAFLOOR CLASSIFICATION SYSTEM

supplementing or replacing the present empirical relationships used in sediment properties prediction mth
suitable physical models, Richardson and Briggs (6).

A recent field experiment in the Baltic Sea has shown that when an extrcinele stable transducer platform is used
that a 30 kHz acoustic pulse with a 60 bean width produces a seismic record nearly equivalent in penctrtion depth
to that of a pulse at 15 kHz with a 120 beam width, but with higher resolution of sediment - ucturc We also
experimented with various pulse lengths and power levels of the acoustic signal and found that reducing the r 11lsc
length from 0.35 ms to 0.1 ms while increasing the input power level from 100 w to approxi matek 250 m ftrth•..r
increases resolution without serious loss of penetration. One goal of this effort is to be able to decraise.- the
sediment classification window size to 10 cm or less while increasing the number of measuring \indoý.s t(o 5¢0 fn,
detailed sediment classification to a depth of five meters.

NRL is presently designing a stable tow body on which the ASCS transducer will be mounted along xoth the
transducers from a high resolution side scan sonar. This will piovide the capability to deep to%ý the combined
systems to a depth of 1,500 m and collect co-registered side scan and ASCS data for a 3-D surve of the seafloor
This system will be portable and self-contained with its own winch and cable for easy deployment off nearly ;wm\
vessel.

Another project is developing automated methods of handling the large amounts of data collected b% thc ASCS
over a survey area. Commercially available gridding and contouring soitware and geographical information
system (GIS) softwvare is being integrated with the ASCS software in order to provide the capabiltm to
automatically output detailed 3-D sediment properties maps over the area surveyed. This effort %% ill grcrtl\ reduce [
the amount of post-processing time required to interpret the results of a survey, and hopefully aIlo\\ the gencralton
of preliminary maps while still in the field.
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